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Uniform and stable magnetic field is the key to obtain high-resolution NMR 
(Nuclear Magnetic Resonance) spectroscopy, and small non-uniformity and instability 
of strong magnetic field results in the NMR spectrometer resolution is not high. By 
way of room temperature shim power and field-frequency interlock system, it can 
achieve the homogeneity and stability of magnetic field. Changing the current value 
of the multi-channel shim coils, and using the magnetic field generated by the coil can 
compensate non-uniformity magnetic field. Using field-frequency interlock 
technology can effectively compensate drift of the strong magnetic field, improve 
long-term stability and get stable magnetic field. 
This paper is in the background of National Natural Science Fund, based on the 
electrochemical--NMR coupling system development and its application. First, the 
paper discusses the principles of NMR, shim power technology and field-frequency 
interlock technology. According to function demand of shim power and 
field-frequency interlock integration; author designs core board hardware circuit of 
the system, renders the PCB (Printed Circuit Board), welds and debuggs the PCB. The 
core plate is high speed circuit board with ten layers. Drawing high speed PCB is 
more complex than drawing lower speed PCB, and it needs more attentions, such as 
PCB layout, thickness, spacing, line width of differential signal lines and single signal 
lines, design of PCB layout and wiring principle. This article has made detailed 
description. Finally, the article briefly introduces FPGA development tools, 
development process and hardware description language, laying the foundation for 
software development of FPGA.  
The test results show that using programmable FPGA with a hard core of with 
peripheral storage circuits and extension interface circuits can realize core control 
circuit of shim power and field-frequency interlock integration. It can not only reduce 
the volume of hardware circuit and power consumption of the hardware circuit, and 















but also be convenient to maintenance product and to upgrade software, reducing the 
risk of hardware circuit design at the same time. 
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第一章  绪 论 
1 
第一章 绪  论 
1.1  核磁共振概述 















1.2  核磁共振谱仪 
核磁共振波谱仪[3][4][5]主要由 4 部分组成，如图 1.1 所示： 
（1）主计算机包括：主机、显示器以及相关附件，可选择运行 Windows、 

























































































第一章  绪 论 
4 




匀场线圈电流值的组合优化，可以实现对 NMR 谱仪主磁场均匀性的 佳化。 
 
 
图 1.3  匀场线圈的作用原理 
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